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(57)Abstract: 

PROBLEM TO BE SOLVED: To uniformly thin a substrate 
crystal by the dry etching using plasma- activated active 
species of a reaction gas composed of a F compd. gas or F 
compd. gas-contg. mixed gas mixed with at least H or ammonia 
gas. 

SOLUTION: An active species produced in a gas plasma is 
applied to a sample surface to etch it with the plasma. A mixed 
gas of SF6 with ammonia and N is injected from a gas feeder 
through a reaction gas feed pipe in a plasma generating chamber, 
a microwave generated in a microwave oscillator 1 passes 
through a waveguide 2 and is absorbed in the plasma generating 
chamber to activate the mixed gas and form a plasma activated 
region 6. The active species gas passing through an active 
spec.es gas feed pipe 13 is restricted by an etching nozzle 4 into 
a high-density locaPbeam which is fed to the surface of a 
semiconductor wafer 5 on a sample moving mechanism 7, thus 
greatly speedily etching it in a uniform thickness. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2 **** s h ows me wor( j w hich can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention makes thin uniformly the 
crystal of Si semiconductor wafer and the crystal of SOI (Silicon Onlnsulator) 
which form a semiconductor device and an integrated circuit about the 
approach of dry etching, and its equipment, or relates to the approach of 
carrying out flattening, and its equipment. 
[0002] 

[Description of the Prior Art] Two or more formation is carried out on this 
front face using a semiconductor wafer (henceforth a sample as a generic 
name), and in the culmination of a production process, a semiconductor device 
and an integrated circuit cut this semiconductor wafer for every chip, and have 
the dicing process separated as a pellet. Before this dicing process, in order to 
heighten the heat dissipation effectiveness of a chip, or to reduce consumption 
of the cutting tools (a cutter, sow, etc.) used by dicing and to prolong a life, as 
for the semiconductor wafer, the processing to which thickness is made thin by 
polish or cutting is needed in this rear face. When making the substrate crystal 
of a semiconductor wafer thin uniformly until now, a plate is pressed against 
the rear face of a semiconductor wafer through abrasive cloth with polish 
equipment, and, generally the approach of grinding, while supplying polish 
liquid and making polish liquid intervene between a wafer and abrasive cloth, 
the approach of carrying out grinding with the grinding stone which embedded 
the ingredient particle with a hard diamond particle etc. with grinding 
attachment, and was fixed, or the approach of chemical mechanical polishing is 
learned. Moreover, the technique which makes a substrate crystal thin 
uniformly by wet etching is also used. 
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[0003] Moreover, by Si, the SOI wafer is used in large quantities for 
high-performance-izing of a semiconductor device or an integrated circuit, and 
the technique which carries out processing finishing with high degree of 
accuracy is very thinly needed for homogeneity in Si layer on Si02 at this 
manufacture. The above-mentioned conventional technique was used also for 
this. Furthermore, the irregularity on the front face of a sample is increasingly 
required by detailed-ization of the dimension of a wiring layer still more 
severely than the conventional specification. For this reason, the method which 
there is a demand to etch into only the heights field which exists in the part on a 
sample, for example, carries out plasma etching only of the local field is 
indicated by U.S. Pat. No. 5336355. 
[0004] 

[Problem(s) to be Solved by the Invention] It follows on integrating highly, and 
it increases, the property of a device falls for a temperature rise, and calorific 
value has [ a semiconductor device or an integrated circuit ] 
high-performance-izing and the inclination for reliability to worsen. The 
purpose which makes a semi-conductor substrate crystal thin is radiating heat 
effectively in this generation of heat, and preventing the temperature rise inside 
a semi-conductor. Moreover, the technique which carries out distortionlessness 
processing finishing for Si layer on Si02 with high precision [ it is very thin 
and ] to homogeneity is required for manufacture of the SOI wafer which came 
to be used in large quantities for high-performance-izing of a semiconductor 
device or an integrated circuit. However, by the approach by the conventional 
polish or grinding, in order to process it, applying compressive stress and 
shearing stress to a substrate crystal, distortion remains during a crystal. 
Moreover, during processing, foreign matters, such as processing waste, a 
polish particle, a grinding particle, or a crystal grain child, are mixed, and it 
becomes the factor of a yield fall. Furthermore, in machining, the damaged 
layer is formed to a certain depth, in order to remove this, a process is added 
after the wet etching which used the drug solution, a process is complicated in 
the processing side of a wafer, and it has the fault to which cost becomes high. 
Moreover, the above and a foreign matter remain in the rear face of a chip, and 
induce a yield fall. Thus, the process which makes thickness of a wafer thin by 
machining has the fault to which the fully established advanced washing 
technique becomes indispensable, and cost becomes high in order to pollute the 
whole wafer with polish liquid, a binder, etc. Since especially the thing for 
which a wafer front face is protected is important for the approach of making a 
substrate crystal thin uniformly by wet etching and the etch rate is slow, there is 
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a fault with bad productivity. Moreover, examination of the optimization about 
processing result precision is not made, but surface roughness deteriorates, so 
that nebula is observed by the visual inspection according [ the front face after 
processing by CF4 or SF6 gas ] to a projector, and the method which carries 
out plasma etching only of the local field on the conventional sample has the 
problem which cannot be used in the last finishing. This is considered because 
the deposit resulting from C or S is generated. Moreover, the thing of a 
configuration of that the ion in the plasma is mainly used for processing has the 
problem on which distortion is generated by the processing side of a sample 
(crystal). This invention mainly For this reason, the radical atom or radical 
molecule of plasma generating dry etching which had (it is hereafter called 
active species) and was required — a substrate crystal — a high speed - it being 
dirty, and homogeneity being provided with the approach of making it thin, and 
its equipment, and by the processing method processing distortion does not 
remain in a substrate crystal The whole production process is simplified, the 
processing technique of ultra-thin thickness in which processing display 
flatness was extremely excellent is offered, and it aims at supplying cheaply the 
semiconductor device excellent in the heat dissipation property or the thin chip 
of an integrated circuit, and the flattening processing on the lamination SOI 
wafer of Si, or the front face of Si by the high yield. 
[0005] 

[Means for Solving the Problem] In this invention, reactant gas is passed, ion 
and a radical are generated by the alternating current electromagnetic field of 
high frequency at a plasma room, and it is mainly based on the approach of 
etching the crystal of a semiconductor wafer the gaseous-phase chemical 
reaction by the active species gas of a radical. The thing of hydrogen or 
ammonia gas which one kind of gas is mixed at least, and is used as reactant 
gas is the description at the mixed gas which contains fluorine compound gas 
or fluorine compound gas in this invention. It is the description for there to be 6 
sulfur fluorides (SF6), carbon tetrafluoride (CF4), and 3 nitrogen fluoride 
(NF3), and to use these at least one kind by this invention as the 
above-mentioned fluorine compound gas. This fluorine compound gas may be 
diluted with inert gas, such as N2, Ar, and helium. It found out being improved 
rather than the surface roughness before the surface roughness of etching 
etching by experiment by [ of hydrogen or ammonia gas ] mixing one kind of 
gas at least. This result is shown in Table 1 . 
[0006] 
[Table 1] 
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[0007] The addition effectiveness concerning [ the addition of hydrogen or 
ammonia ] the improvement of surface roughness has shown up at least only 
0.01%. The molecule of hydrogen or ammonia is activated by this system of 
reaction, and this is presumed to become mirror plane finishing according to 
effectiveness, such as prevention of oxidation on the front face of a wafer by 
the oxygen by the gasification by H2S grade, the defecation on the front face of 
Si by HF generation, or formation of H20. Since there will be an inclination for 
an etch rate to fall as shown in drawing 5 and the processing time of processing 
will become long if the addition of hydrogen or ammonia increases, there is a 
practical limit. For this reason, the rate of the above-mentioned hydrogen or 
ammonia gas which one kind of gas mixes at least is understood that it is 
desirable that it is 20% or less of concentration, and ammonia is more more 
effective to fluorine compound gas. The above-mentioned hydrogen or 
ammonia gas may be diluted with inert gas, such as N2, Ar, and helium. 
[0008] It is based on hitting the above-mentioned active species generated in 
the above-mentioned gas plasma to a sample side, and performing plasma 
etching in this invention, for this reason, although you may be the method 
which applies active species gas to the whole sample surface at homogeneity, in 
order to process a sample front face with high precision especially The result 
the way of the method which processes a request over the whole sample surface 
excelled [ result ] in the controllability was obtained hitting the 
above-mentioned active species gas to a sample side from the tip of an etching 
nozzle with the diameter of opening smaller than sample area, etching a sample 
partially, and moving a nozzle and a sample relatively. It being able to etch, 
while this measures the amount of etching of a part in the real time and 
feedback is applied to passing speed, and the active species gas by plasma 
generating according especially to microwave excitation again are the reasons 
nil why an etch rate is stable etc. In addition, the approach of plasma generating 
is not limited to microwave excitation. 
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[0009] In this invention, unlike the alligation of the above-mentioned gas, the 
active species generated in the gas plasma by the mixed gas containing fluorine 
compound gas or fluorine compound gas is hit to a sample side, there is also 
little hydrogen or ammonia gas and there is remaining as it is or a method 
which etches by diluting and supplying near the sample side about one kind of 
gas. In this case, active species gas may hit against the whole surface of a 
sample, or may put in an etching nozzle locally, or whichever is sufficient as it. 
The effectiveness of hydrogen or ammonia gas was effective in the 
improvement of surface roughness like the case of said mixed gas. Since the 
processing approach by this invention does not leave processing distortion to a 
crystal front face, after this, the wet etching process by the drug solution 
becomes unnecessary, and it has the description which can simplify a process. 
[0010] . The plasma etching system using the approach of this invention is 
based on the gas supply section, the plasma developmental mechanics section, 
the active species gas supply device section, and the sample migration device 
section, and in order to process efficiently besides the etching section described 
above, equipment is constituted in a wafer conveyance device or sample 
operating room. Moreover, the exclusion equipment which processes exhaust 
gas is also provided. 
[0011] 

[Embodiment of the Invention] Example 1 drawing 1 and drawing 4 are one 
example of the approach and equipment of plasma etching by this invention. 
Drawing 4 is the schematic diagram of the configuration of the whole 
equipment. The mixed gas which consists of SF6, ammonia gas, and nitrogen 
with the reactant gas supply pipe 3 is poured into a plasma generating room 
from a gas transfer unit 14. The microwave generated with the microwave 
oscillator 1 is absorbed through a waveguide 2 at a plasma generating room, the 
above and mixed gas are activated, and the plasma active region 6 is formed. 
Since active species gas is narrowed down with the etching nozzle 4 through 
the active species gas supply line 13, serves as a local beam with a high 
consistency and the front face of a semiconductor wafer 5 is supplied, with this 
configuration, an etching rate has the description it is quick sharply featureless. 
A semiconductor wafer 5 is inserted in the sample operating room 1 1 at first, 
and a fixed set is carried out by the conveyance device 1 5 from here at the 
movable carriage 8 of an etching chamber 9. It can carry out movable [ of the 
movable carriage 8 ] in the direction of X-Y, or the direction of X-theta 
according to the sample migration device 7. It becomes possible to etch a 
semiconductor wafer 5 into uniform thickness over the whole surface according 
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to the migration device of a local beam and a movable carriage 8 by the active 
species gas which came out of the etching nozzle 4. Moreover, it has 
composition which arranges the exhaust air head 16 with a suction effect 
around a sample being etched, and exhausts the floating gas effectively through 
exhaust air 19. The exhaust air section is piped through a gate valve 18 at an 
etching chamber 9, the exhaust air head 16, the sample operating room 11, and 
the conveyance room 10, respectively, and each is exhausted. Through gas 
treatment equipment 17, the exhaust gas which came out of the etching 
chamber 9 and the exhaust air head 16 eliminates a damage, and is exhausted. 
Drawing 1 is the detail drawing of the etching nozzle and sample 
circumference. The etching nozzle 4 is the configuration that it is fixed to a 
high airtight by the active species gas supply line 1 3 and the bond part 22, and 
the etching nozzle 4 can be exchanged easily. Moreover, although the 
cross-section configuration of opening at the tip of an etching nozzle which 
emits gas may be circular, there is [ a direction of an ellipse, or a rectangle or a 
band-like configuration ] effectiveness in the purpose etched into a high speed 
for compaction of the processing time, and this structure is selected by the 
application. The reactant gas 101 used for etching consists of B lines the A line 
for hydrogen or ammonia, and for fluorine compounds, and C Rhine for inert 
gas, and is mixed at the inlet port of the active species gas supply line 13. In 
addition, an A line and gas of B lines may be diluted with inert gas. Etching of 
Si was the conditions which added 10% of ammonia for example, in SF6 gas, 
at the time of the microwave power of 500W, the high-speed etching rate of 
about 60 micrometer/min was obtained, and the mirror plane where the 
roughness on the front face of a result is better than the value before 0.305nm 
and etching was acquired. 

[0012] Drawing 2 explains the approach of etching by example 2 this 
invention, and other examples of the equipment. Although an example 1, the 
gas supply section, and the plasma generating section are the same, the points 
which etch a sample into a package by the etching head 103 to which active 
species gas spreads in homogeneity differ. In this case, there should just be a 
sample base 104 instead of the migration device of a sample. It is an effective 
method when it is a sample with the small diameter of a semiconductor wafer. 
[0013] Drawing 3 explains the approach of etching by example 3 this 
invention, and another example of the equipment. Except for an example 1 and 
the gas supply section, the plasma generating section and a sample migration 
device are the same. B lines for the fluorine compounds of reactant gas 101 and 
C Rhine for inert gas are mixed at the inlet port of the active species gas supply 
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line 13, and the A line for hydrogen or ammonia blows off, and is 
independently supplied to the inlet port of a gas line 110. Active species gas is 
made from the mixed gas containing a fluorine compound, and a sample front 
face is supplied from the etching nozzle 4. On the other hand, hydrogen or 
ammonia gas is supplied from the hydrogen system gas nozzle 105 through the 
above-mentioned path. Arrangement of the hydrogen system gas nozzle 105 is 
decided that the gas of the above-mentioned A line is effectively mixed by the 
etching controlled atmosphere 106 on a sample. The addition effectiveness of 
hydrogen or ammonia is the same as an example 1 . 

[0014] As mentioned above, although the example of microwave excitation has 
described the plasma developmental mechanics to examples 1-3, instead of 
this, it adds that you may be capacity molds, such as a dielectric mold with a 
coil, or an parallel plate. 
[0015] 

[Effect of the Invention] (1) By adding hydrogen or ammonia to the mixed gas 
containing a fluorine compound or a fluorine compound, it became small, and 
the roughness on the front face of a result in Si etching can be uniform, and can 
shorten the process of finishing etching now for a high speed. 
(2) It came to be able to perform semiconductor wafer precision thin layer 
processing in a dry process with the equipment using the approach of this 
invention, and by this, the washing process and the process stuck and removed 
of a semiconductor wafer became unnecessary, and compaction of a large 
process was able to be aimed at. 



[Translation done.] 



